In a modern society, connectivity is the basis for economic competitiveness, social reform, regional development and cultural exchange. City airports serving mature markets have already expanded to meet existing and future demand and the challenge for the airport industry is now focused on the development of the secondary and regional airports to accommodate further air transport demand. Consequently, regional airports attract the interest of investors by providing new business opportunities. Although airports bring signifi cant benefi ts to local and national economy, their contribution to environment disturbance in local and global scale is signifi cant. As a result of the growing environmental sensitivity, airport environmental management is a crucial element of the aviation industry development. This is for reasons related to the control of community and nongovernmental organisations (NGOs) complaints on one hand, and to meet the regional and national targets set by the civil aviation and local authorities on the other hand. Especially for regional airports, the need to identify the environmental issues is essential, because their business development is directly linked to disturbance in the environment and to the local/national communities' level of tolerance. Although environmental management process is crucial to regional airport development, there is little research related to measuring the effi ciency and the performance of their environmental management systems. Nevertheless, not many regional airports, especially those serving fewer than 5 million passengers, annually, have set specifi c targets for their environmental performance. This paper presents the results of the evaluation of 10 European regional airports' environmental plans. Conventional wisdom is to provide some key messages, in order to improve the planning and decision process in airport environment management, as well as highlight some recommendations for further research in the future. The key research fi nding is that the national legislation framework and resident's ethics along with the airport business factions (such as the management scheme, the location topology and the airport size) are essential elements strongly related to regional airport's environmental effi ciency.
INTRODUCTION
In the global society of the 21st century air transport plays a signifi cant role in supporting social and economic development by providing accessibility. Planners, economists and managers recognise that the aviation industry plays a key role in the globalisation of the economy, national/regional economic development and social affairs. The airport industry has experienced strong growth during the last 40 years, and International Civil Aviation Organisation (ICAO) estimates that worldwide aircraft departures and aircraft kilometre fl own will increase at an average annual rate of 3.6% and 4.1%, respectively, between 2005 and 2025. Despite the small decline in the air transport demand growth, because of the recent economic crisis, long-term forecasts indicate that air transport demand will continue to increase in both mature markets, such as those of the USA and Europe, as well as in developing markets, such as those of the East Asia and China [1] .
Although the benefi ts of aviation growth are signifi cant, the environmental implications of meeting the new demand are signifi cant too. Increased public concern regarding the protection of the environment from the impacts of air transport has shown that an appropriate balance between the growth of air transport and environmental protection must be found. Opportunities to grow exist, only if environmental capacity could be increased. As a result, the development of existing environmental management plans and procedures is inevitable. This paper deals with the measures to control environment disturbance due to the growth of aviation traffi c. The main concern of this research is to investigate the differences of the environmental plans that have been adopted by the airport industry, and propose the key issues towards a sustainable airport development. The research is focused on European regional airports, where the analysis of the existing environmental plans shows that country's legislation, location and airport's size play a signifi cant role to airports' environmental protection performance.
The paper is organised in fi ve sections. In the fi rst section, the role of airports in regional development is briefl y given. In the second section, the key issues of the environmental management system at airports are analysed. In the next section, the elements of the environmental plans of 10 European regional airports are presented, while in the following section, the key messages of the analysis of these environmental plans are given. Finally, the research conclusions and the references used can be found at the end of the paper.
2 AIRPORTS AND REGIONAL DEVELOPMENT Airports bring signifi cant social benefi ts and in many cases they are thought to be the single largest generator of economic activity in the regions they serve, as emphasised by Airports Council International (ACI) Europe [2] . Whilst important for economic growth, the strong and sustained growth of transport is anticipated to be accompanied by signifi cant environmental impacts. It is well recognised that the benefi ts of aviation are signifi cant, although aviation has also signifi cant impact upon climate change and disturbance of the local environment, which can generate opposition to airport operations and act as a capacity constraint to aviation growth [3] [4] [5] .
Air transport is essential to the development of regional and local economies, as it generates economic growth, makes possible the expansion of the world trade, broadens people's leisure and cultural experiences, provides a wide choice of holiday destinations around the world, delivers emergency and humanitarian aid anywhere on earth, and provides access to remote areas. Besides that, airports provide economic prosperity to the region they serve, through direct and indirect jobs and other commercial development. Planners and urban policy-makers have long been concerned about the growth of air transports traffi c and they recognise that airport location and its access system are issues that impact signifi cantly the urban development and the local economy.
Major transport infrastructures such as airports, have substantial effects on cities' urban development because of their impact on local traffi c, employment, economy and environment. The volume of air traffi c is growing according to the trend of the aviation industry, leading airports to invest in new infrastructure to increase capacity. Therefore, air traffi c accommodation along with surface traffi c to and from the airport is related directly to airport accessibility and constitutes a signifi cant part of the problem of urban development and land use planning.
Although airports carry out the businesses' and people's aspirations and needs, they have a negative impact on the environment and on the communities around them. Environmental impacts such as air pollution, noise, water and soil pollution, biodiversity loss can arise from the operation and development of airports. Therefore, the key question in the debate between airport managers and environmentalists is when the social and economic benefi ts of an airport to a region overbalance the disturbance on the environment and the human health [6, 7] . The answer to this question is not a simple one and in many cases is not clear either, mainly because the estimations of the environmental impacts in surrounding communities and the regional urban activities transformations are based on assumptions that usually do not refl ect what really happens.
Especially in Europe, any cost-benefi t analysis of airport development is focused on business and management scenarios to keep the balance between the benefi ts from airport activities and the total cost (including the externalities) for the life cycle of the airport. However, the debate about the www.witpress.com, ISSN 1755-8336 (on-line) external cost and the impacts of environmental disturbance provides much opposition between stakeholders and NGOs on one side and airport authorities and business associations on the other.
Therefore, the management of the environmental disturbance is a critical issue towards airport development. The impacts at a regional level are always the fi rst point of interest on the local level, but, also, the climate change and carbon control attract the interest at a national and international level. The global environmental sensitivity affects signifi cantly the development of regional airports and leads to signifi cant constrain to any future expansion.
KEY ISSUES ON AIRPORTS' ENVIRONMENTAL ASSESSMENT
In Europe, the need to encourage a more sustainable policy is well recognised. The High Level Group report on Networks for Peace and Development [8] devotes just three paragraphs (pp. [26] [27] to the 'environmental dimension', which is treated in the most general of terms. The Group highlights 'the need to pay a special attention to environmental sustainability at the stage of project defi nition and analysis as well as when implementing the horizontal priorities'.
Recently, ACI Europe [9, 32] has committed to a landmark environmental resolution, as a further indication of how they wish to mitigate impacts on climate change. Also, the environmental sustainability of aviation in tourism destinations is discussed by many researchers, where the critical role of the Strategic Environmental Assessment (SEA) in future development of airports is highlighted [10] .
On a global scale, the greenhouse gases (carbon dioxide, oxides of nitrogen and water vapour) emitted fi rstly from aircraft engines into the atmosphere and secondly from airports various activities make a signifi cant and growing contribution to global warming and climate change. Worldwide aviation seems to be one of the most rapidly growing sources of CO 2 emissions and recent studies have shown that the total infl uence of aviation on climate is greater than that has been suggested, reaching about 4.7% of the total anthropogenic change [10] [11] [12] .
On a local level, acoustic airport capacity represents the main limit to their expansion, especially in regional airports. Noise seems to be one of the most signifi cant causes of community reaction related to airports' operations. It has been recognised that air transport industry will develop sustainable if it could meet the increasing demand, while at the same time, constrain or reduce the number of people exposed to unacceptable levels of nuisance from aircraft noise [4, 10] . It is noteworthy that, a recent survey of European airports indicated that approximately two-thirds are already subject to noise restrictions, or have their operations constrained by noise related issues and that this fi gure could increase up to 80% in the next 5-10 years [3] .
In addition, airports disturb the environment in many other ways, such as the consumption of natural resources, land use and impacts on biodiversity, microclimate and natural ecosystems located near them, which may face signifi cant changes due to the airport operations [13] .
Noise
The most signifi cant local impact is the disturbance caused by aircraft noise in communities surrounding airports. This can make some destinations less attractive and generate opposition amongst local residents which can lead to constraints to the operations and growth of those airports [4] .
Nowadays, many European airports are likely to be seriously constrained by environmental factors due to them being located close to inhabited areas. According to the environmental noise directive 2002/49/EC specifi c measures and initiatives should be implemented in order to reduce the environmental noise. This has forced airports' operators to prepare strategic noise maps and action plans, www.witpress.com, ISSN 1755-8336 (on-line) adopt a series of measures in order to reduce and mitigate noise pollution and inform the public about environmental noise. Some of them are listed below:
1. Preparation and implementation of airport's Noise Action plan, supported by noise indicators and strategic noise mapping. Day-evening-night level of noise L den and night-time L night noise indicators are defi ned by the directive's proposed formulas. Noise maps are produced through a modelling process and identify areas exposed to different levels of noise. Using the contour areas the population affected can be measured [14] [15] [16] . 2. Air traffi c management. Departing and arriving aircrafts are required to stay within defi ned corridors so as to affect as few people as possible. 3. Operating restrictions and limits, especially at night. For example a limit to the allowed night movements could be set. 4. Differential charging in order to encourage the use of quieter aircraft. 5. Monitoring of noise level in order to revise the existing plan and assess measures for further noise reduction. 6. Construction of anti-noise barriers to protect the local communities. 7. Registration of noise complaints by local communities.
Emissions
Airport activities produce an enormous amount of various pollutants that infl uence the air quality of the area and contribute to climate change. For the purpose of this paper only emissions of CO 2 , major contributor to global warming, will be taken into consideration. Airports, in order to be sustainable, must calculate their carbon emissions of all their activities. Recently, ACI Europe [17] has launched the 'Airport Carbon Accreditation program', according to which, airports that will join the scheme must commit to reducing CO 2 emissions within their direct control, as an effort to improve their environmental behaviour. Airports, in order to reach carbon neutrality, follow a series of measures; a few of them are mentioned below [18]:
1. Energy-effi cient design of the airport building and infrastructure. 2. Reduction of required energy. 3. Promote public transport. 4. Use energy from renewable sources. 5. Participate in an emission trading scheme and purchase carbon credits to cover emissions. 6. Force airline industry to reduce CO 2 emissions. 7. Use hybrid or electric vehicles.
Water
The various activities of the airport require enormous amount of water. Considering the increasing pressure to reduce water consumption and conserve the water resources, airports must manage their activities in order to consume less water and to protect the surface and ground water resources. Airports, in order to protect and conserve water resources, follow a series of measures, a few of them are mentioned below:
1. Reduce water consumption at the airport site. 2. Reuse water, after treatment (wastewater treatment plant and sewage treatment plant) in toilet facilities or for irrigation purposes. 3. Use rainwater in toilet facilities or for irrigation purposes. 4. Protect the groundwater from pollution.
www.witpress.com, ISSN 1755-8336 (on-line) 5. Monitor water consumption. 6 . Monitor the quality of surface and groundwater.
Waste
The various activities of the airport generate a lot of waste. According to 'The Polluter Pays' principle, airports must develop a complete waste management system that includes, amongst other, waste separation at source and recycling. Airports waste management, follow a series of measures, a few of them are mentioned below:
1. Source separation and recycling on airport site. 2. Waste minimisation and charges for waste. 3. Reuse equipments and materials where possible. 4. Promote the usage of products that are renewable and have the least environmental impact.
KEY ELEMENTS OF TEN EUROPEAN REGIONAL AIRPORTS' ENVIRONMENTAL PLANS 4.1 Regional airports' environmental plan
The need to monitor airport performance has been recognised in the literature from the early 1990s. Especially for regional airports the need to identify the environmental issues is essential, because their business development is directly linked to disturbance in environment and local/national communities' level of tolerance. Surprisingly, in contrast to many other industries many airports still only assess their performance by using simple traffi c, operational and fi nancial measures. This happens especially to regional airports for several reasons, among which two are the most important:
1. the nature of the airport business, where many airports are still under the government protection accepting purely fi nancial and productivity objectives; and 2. there does not exist a widely accepted business practice or system for measuring airport operational performance.
It is noteworthy that while many publications present airport operational and management performance [19] [20] [21] there is a little research on comparing environmental measures effi ciency between airports and other industries [22] . The diffi culties on defi ning environmental capacity may provide some diffi culties to evaluating performance of environmental management systems; however, the need for the industry to put forward potential measures, best practices and evidence of calibration towards sustainability should provide the framework for more focused research on the future. This paper presents the research results related to key components of the environmental plans that have been adopted in 10 European regional airports. Key issue of this research is to investigate the differences and common practices applied in environmental strategies and systems. A detailed analysis of airports' environmental plans showed the following categories: 
Content of the main categories of environmental plans
The most signifi cant measures adopted, by the 10 European regional airports are presented in Tables 3-8 . 
RESULTS OF THE ENVIRONMENTAL PLAN EVALUATION IN TEN EUROPEAN REGIONAL AIRPORTS
The evaluation deals with several criteria and sub-criteria in airports' environmental plans. Following a systematic approach the key issues should be included in the environmental plans grouped in six main categories of criteria. In addition, for the purpose of the evaluation analysis these criteria include 34 sub-criteria, covering most environmental issues that have to be managed by airports. Table 9 summarises the criteria and the sub-criteria of the evaluation. Table 10 presents the number of sub-criteria assessed in the environmental plan for the sample of ten European regional airports. Table 9 : Criteria and sub-criteria of evaluation. Table 10 : Mitigating measures included in the environmental plans of the selected airports.
Noise
not have applied specifi c environmental policies, do not have any environmental plan or some notes about policies and targets to control environment disturbance. 9. The majority of the regional airports in our sample presented a noise action plan focused on methods and procedures for monitoring airport noise. Also, most of them have adopted operational restrictions and limitations for the noise control of the area surrounding them. 10. The majority of the regional airports in our sample had a climate change policy and took measures to reduce emissions. Most of them used renewable energy or energy ecologically generated. 11. The majority of the regional airports in our sample recycled their waste, but most of them did not have a complete waste management system. 12. The majority of the regional airports in our sample was controlling the discharges and monitors the water quality, but only some of them were trying to minimise their water consumption. 13. The majority of the regional airports in our sample published only general guidelines not specifi c measures or numerical data that can be easily standardised and used in an evaluation model. As a result, even a simple evaluation model about effi ciency measures is diffi cult to be conducted. 14. Indices that could be used for the evaluation of the measures adopted by various environmental plans have to do with the nuisance of the locals (noise complaints, number of residents affected, movements allowed at night, etc.), energy used, carbon footprint, water consumption, recycling and waste management.
6 CONCLUSIONS Across Europe there exist examples of airports that are unable to make full use of their capacity, as a result of the disturbance caused by aircraft noise and climate change. If regional airports development intents to add demand across European air transport network, strategic consideration regarding noise disturbance should be given.
This may not only require investment in noise control and mitigation strategies, but also require major investment in new infrastructure to shield local communities from ground noise or, in the case of the construction of a new runway, to enable arriving and departing aircraft to be fl own away from noise sensitive communities and environmental sensitive locations. The economic implications of such an action could be signifi cant but, in the context of sustainable development, such investment could be critical to ensure the ongoing growth of aviation, and thereby economic development at a particular location.
The results of the existing environmental plans analysis for a sample of 10 European regional airports present signifi cant differences, mainly, due to the national legislation framework and resident's tolerance along with the airport business strategy, such as the management scheme and the accommodate traffi c. If the airport industry wants to be in alignment with the sustainable development concept then it should give more attention to the regional airports' environmental management and provide the essential framework to enforce uniformity on both management systems and industry targets. The limited literature allowing a comparison of airports' environmental systems performance, leads us to call for more research in this area in the future.
